The primary goal of this research was to reveal de novo mutations in the liquidators (cleanup personnel) who emigrated to Israel from the Chernobyl disaster area. We used genome fingerprinting simple sequence repeat-anchored polymerase chain reaction (PCR) amplification and random amplified polymorphic DNA PCR (RAPD PCR). The methodology involved a combination of RAPD PCR, polyacrylamide gel electrophoresis, and silver staining, with arbitrarily primed PCR. Use of microsatellite markers appears to be the most promising technique for high sensitivity analysis. The analysis involved DNA isolated from the blood of experimental and control subjects (involving both offspring who were born before or after the disaster and their parents). Our studies have reproducibly detected new bands that appeared in the children born after the disaster. No such bands appeared in the children born in the same family before the accident or in the children of control families who had not been exposed to radiation.
Introduction
The Chernobyl accident occurred in April 1986 (1, 2) . Radiation events such as the atomic bomb on Hiroshima and Nagasaki reportedly have not yielded genetic defects (3) (4) (5) . Recently, Dubrova et al. (6) reported germline mutation at human minisatellite loci that were studied among children born in heavily polluted areas of the Mogilev district of Belarus after the Chernobyl accident. Baker et al. (7) also found high levels of genetic mutations in rodents in the vicinity of Chernobyl. Ranmaiya et al. (8) presented a comparative estimation of the frequencies of genetic disorders induced in germ cells of male mice by a single or long-term exposure to incorporated 137Cs or to external gamma radiation. The accident at the Chernobyl power plant created a different type of long-term exposure to low radiation doses (P Montague, unpublished data), although Bauchinger et al. (9) report that there is no absolute definition of a small dose of ionizing radiation. In terms of microdosimetry concepts, it can be assumed that biological effects are caused predominantly by one or two charged particles (10) .
The primary goal of this research was to reveal molecular genetic changes (e.g., de novo mutations) that occurred in individuals exposed to ionizing radiation in the Chernobyl area. About 180,000 repatriates were living in the significantly contaminated region. The analysis involved DNA isolated from unrelated individuals and families (both offspring born before and after the disaster and their parents). Because of the small size of the experiment and control samples, tools enabling simultaneous testing of hundreds of genomic regions must be used. DNA fingerprinting based on mini-or microsatellite markers may be a suitable molecular genetic tool to address this problem.
Several molecular genetic methods for genome screening have been proposed for mutation detection (11, 12) . Genomic analysis based on polymerase chain reaction (PCR) appears to be the most promising technique for high sensitivity analysis (13) . Recent advances in PCR applications make it possible to score individuals at a large number of loci. DNA fingerprinting by inter-simple sequence repeat (SSR) PCR can be used to identify the presence of the repeated elements targeted by the primers and to evaluate their distribution within different genomes. The examination of the amplification products of DNA from different individuals of the same species (including human) makes it possible to identify some individual-specific differences. These intraspecies polymorphisms open the possibility of using inter-SSR PCR as a system of multiple-locus DNA markers (14) . random amplified polymorphic DNA (RAPD) is an attractive complement to the conventional DNA fingerprinting (14) . RAPD includes the ease and rapidity of analysis, the use of a general set of universal primers, and a minimal amount of DNA. The profile of amplification products depends on the template-primer combination. The amplification products usually are resolved on agarose gels, whereas polymorphisms serve as dominant genetic markers, which are inherited in a Mendelian fashion (14, 15 These three control families were screened with the aforementioned primers. Highquality DNA was extracted from the blood samples according to protocol of John et al, (16) . Internal control within families (children born before and after the accident) guaranteed that the results obtained were reliable and allowed discrimination between somatic and germline sources of new bands (see "Discussion").
Two PCR methods were used in our study: AP PCR and RAPD PCR. The separation of the amplification products was conducted using polyacrylamide gel electrophoresis and silver staining (SS 
Results
New bands were detected in some children of the irradiated families, as compared to their parents' band pattern. Only children bomrn after the disaster manifest this pattern.
In the 13 families studied (with one offspring born before the disaster and one after) new bands were detected only in the child born after the exposure of the parent to radiation. New bands were also revealed in families with only one offspring born after the disaster (Table 1) . The same primers were used to screen DNA samples of the control families not exposed to radiation. In total, 37 new bands were detected in the offspring who were born in nonexposed areas (after the parents' employment as liquidators ended). No such bands appeared either in the children born in the same family before the accident or in the children of control families who had not been exposed to radiation (Figure 1) . Changes in the DNA profiles were tested for reproducibility and confirmed in three independent PCR runs. The results with microsatellites show the bands detected in the children born after the explosion (Figure 2 ).
Discussion
Lee and Chang (13) (6) . Hence, the possibility of detection of these changes in this study was enhanced by a large number of genome sites (about 3270 in all) amplified using the selected set of about 100 PCR primers (out of 400 primers screened).
The results presented here consistently demonstrate the appearance of new bands in children born after the exposure, as compared to their siblings. In contrast to the experiment results, no new bands appeared in the control families in children born after 1986. An important question related to the interpretation of these results is the nature of the new bands. Are they a manifestation of somatic changes in the tested children or are they changes that occurred in the germline cells of the parent(s) and were transferred to the next generation through the gametes? It would be premature to argue that we have a final answer to this question. Nevertheless, our strategy in establishing the tested material, by using siblings born before and after parental exposure to radiation, allows us to assume rather confidently that the new bands are a manifestation of genetic changes in the germline. Indeed, we could take the opposite assumption-that the origin of the registered changes is somatic mutation in the tested children, e.g., because they lived in the contaminated territory. But how could we then explain the absence of such changes in their siblings born before the accident who were subjected to the same environmental conditions during the same period and even before? If environment were the inducing factor, then one would expect these children to manifest the same phenomenon as well. The fact that this is not the case supports our contention that the new bands reflect genetic changes in the germline. Moreover, this consideration explains why it was so important to use the proposed family structure for this project.
These results point to a possible influence of low-dose radiation stress on the genetic material. We increased the number of families tested and we plan to increase the number of controls. We also tested a new PCR technique, the inverse sequencetagged repeats method in collaboration with W Rohde from Max Planck Institute in Koln, Germany (19) . Future plans include identification of de novo mutations in the unrelated liquidators, using the monomorphic markers identified in previous screens. Current work includes cloning of the new bands detected in the progeny of liquidator parents, with subsequent sequencing, to assess their molecular nature.
